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Abstract
Background: Hypericum perforatum is a medicinal plant species containing many polyphenolic compounds,
namely flavonoids and phenolic acids. In this study we evaluate the effect of Hypericum perforatum in animal
model of periodontitis.
Methods: Periodontitis was induced in adult male Sprague-Dawley rats by placing a nylon thread ligature around
the lower 1st molars. Hypericum perforatum was administered at the dose of 2 mg/kg os, daily for eight days. At
day 8, the gingivomucosal tissue encircling the mandibular first molar was removed.
Results: Periodontitis in rats resulted in an inflammatory process characterized by edema, neutrophil infiltration
and cytokine production that was followed by the recruitment of other inflammatory cells, production of a range
of inflammatory mediators such as NF-B and iNOS expression, the nitration of tyrosine residues and activation of
the nuclear enzyme poly (ADP-ribose) polymerase; apoptosis and the degree of gingivomucosal tissues injury. We
report here that Hypericum perforatum exerts potent anti-inflammatory effects significantly reducing all of the
parameters of inflammation as described above.
Conclusions: Taken together, our results clearly demonstrate that treatment with Hypericum reduces the
development of inflammation and tissue injury, events associated with periodontitis.
Background
Human periodontal diseases are inflammatory disorders
that give rise to damage the surrounding cells and con-
nective tissue structures, including alveolar bone causing
tooth loss [1]. The periodontal disease is infections that
are caused by accumulation of bacteria that colonize the
tooth surface at or below the gingival margin. Microbial
plaque is recognized as the primary etiological agent for
periodontal disease initiation and progression [2]. Gen-
erally there is a further enhancement of the inflamma-
t o r ys t a t ea se x p o s u r et op l a q u ec o n t i n u e s ,t h e r ei s
increase fluid exudation and leukocyte migration into
the tissues and the gingival crevice [1].
The progression of chronic periodontitis is a continu-
ous process that undergoes periods of acute exacerba-
tion [3]. The established lesion is dominated by plasma
cells, that are situated primarily in the coronal connec-
tive tissues as well as around vessels, collagen loss con-
tinues in both lateral and apical directions as the
inflammatory cell infiltrate expands, resulting in col-
lagens extending spaces deeper into the tissues which
are then available for leukocyte infiltration [4].
There are two types of established lesion: one remains
stable and is not progressing for month or years, the
second one becomes more active and converts to a pro-
gressive and advanced lesion [1,4]. The severity of peri-
odontitis is characterized by the degree of marginal
bone loss, the depth of periodontal pockets, the degree
of attachment loss and the number of teeth with furca-
tion development [5]. In recent years, more attention
has been focused on the role of reactive oxygen species,
lipid peroxidation products and antioxidant systems in
the pathology of periodontitis [6].
Recent medical and dental research in this area has been
geared towards the prevention of free radical mediated dis-
eases by using specific nutrient antioxidants [7].
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periodontitis, are pro-inflammatory cytokines [such as
tumor necrosis factor-a (TNF-a), interleukin (IL)-1b]
known to be up-regulated early in the course of period-
ontitis. In addition, recruitment of inflammatory cells
from the circulation is an important process to augment
the inflammatory response [8]. Pro-inflammatory cyto-
kines production also induces the expression of adhe-
sion molecules in the vascular endothelium, and
invasion of inflammatory cells into inflamed tissues sub-
sequently occurs. P-selectin, a member of the selectin
family of adhesion molecules, and intercellular adhesion
molecule-1 (ICAM-1), both of which are expressed at
the surface of the vascular endothelium, are involved in
this process. Various mediators contribute to the up-
regulation of endothelial cell and leukocyte-adhesion
molecules in inflammation.
Hypericum perforatum L. (Hypericaceae), popularly
called St. John’s wort, is an herbaceous perennial plant
belonging to the family Clusiaceae, which is used in
popular medicine and phytotherapy for its well docu-
mented antiseptic and antidepressant effects. Moreover,
it has been proposed to have antibacterial and antiviral
effects and to exert anti-inflammatory and analgesic
activity. Hypericum perforatum extract contains flavo-
noids and phenolic acids, which demonstrated a free
radical scavenging activity. The Hypericum perforatum
extract exerts very efficient anti-inflammatory effects in
animal model of acute inflammation [9].
Hypericum extract, is a very efficacious antidepressant
medication with a potential antioxidant activity, was
therefore conjectured to be useful in the treatment of
pathological situation in which ROS play an important
role such as acute inflammation. Thus, the aim of the
present study was to evaluate the effects of Hypericum
perforatum extract in a rat experimental model of
periodontitis.
To gain a better insight into the mechanism(s) of
action, we have evaluated the following end points of
the inflammatory process: (1) histological damage, (2)
bone loss (radiography), (3) cytokine expression (4)
nitrotyrosine, and inducible nitric oxide synthase (iNOS)
expression and (5) apoptosis.
Methods
Hypericum perforatum extract
Hypericum perforatum methanolic extract was a kind
gift of Indena (Milano, Italy), and it was defined by the
producer as containing 0,34% of hypericin, 4,1% of
hyperforin, 5% of flavonoid (rutin, kaempferol, luteolin,
myrecitin, quercitin, quercitrin, isoquercitrin), 10% tan-
nins and the remaining part is composed of polysac-
charides represented by maltodextrins.
Surgical Procedure
Male Sprague Dawley rats (280-400 gr) were lightly
anaesthetized with surgical doses of sodium pentobarbi-
tone (35 mg/kg). Sterile, 2-0 black braided silk thread
was placed around the cervix of the lower left first
molar and knotted medially as previously described (Di
Paola et al., 2004). After the rats had recovered from the
anesthetic they were allowed to eat commercial labora-
tory food (standard rodent chow) and drink tap water
ad libitum. Animals and the study protocol were
approved by the institutional Animal Care and User
committee of the University of Messina.
Experimental groups
Rats were randomly allocated into the following groups:
Ligature + vehicle groups: rats were subjected to liga-
ture placed around the gingival margin of the mandibu-
lar of the first molar that induced periodontitis, and
animals received vehicle intraperitoneally (i.p.; daily
treatment for eight days).
Ligature + Hypericum perforatum group: rats were
subjected to ligature-induced periodontitis and animals
received Hypericum (2 mg/kg orally, daily for eight
days).
At 8 days after the ligature-induction of periodontitis
the rats (N 10 from each group for each parameter)
were sacrificed in order to evaluate the various para-
meters described below. The right side that is not sub-
ject to ligature was used as control.
Histological examination
For histopatological examination, biopsies of gingival
and mucosa tissue from the buccal and lingual aspect of
the teeth were taken 8 days after the ligature-induction
o fp e r i o d o n t i t i s .T h et i s s u es l i c e sw e r ef i x e di n1 0 %
neutral-buffered formaldehyde for 5 days, embedded in
paraffin, and sectioned. The sections, oriented longitud-
inally from the teeth crowns, were stained with Mas-
son’s trichrome stain to visualize collagen distribution
in the gingival and mucosa tissue. The total number of
infiltrating leukocytes (e.g., neutrophils and mononuc-
lear cells) in cortical interstitial spaces from gingival
and mucosa tissues were assessed quantitatively by
counting the number of polymorphonuclear cells in 20
high power fields.
Radiography
Mandibles were placed on a radiographic box at a dis-
tance of 90 cm from the x-ray source. Radiographic ana-
lysis of normal and legated mandibles was performed by
x-ray machine (Philips × 12, Germany) with a 40 kw
exposure for 0, 01 sec. A radiographic examination of at
eight day after ligature placement revealed bone matrix
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viously described.
Measurement of vascular permeability by Evans blue
extravasations
Vascular permeability was determinate as previously
described [10]. Briefly, animals received Evans blue
(2.5% dissolved in physiological saline, at a dose of
50 mg/kg) via a femoral venous catheter. Extravasated
Evans blue in the excised gingivomucosal tissue samples
was extracted with 1 ml formamide for 48 h at room
temperature for spectrophotometric determination
at 620 nm and expressed as μg/g gingivomucosal
tissue [10].
Measurement of alveolar bone loss
The distance from the cementoenamel junction of first
lower molars to the alveolar crest was measured with a
modification of the method of [11]. Recordings were
made along the median axis of the lingual surface of the
mesial and mediolingual roots of the lower first left and
right molars as previously described [6]. These measure-
ments were performed by an independent investigator
who was unaware of the treatment regimens. The alveo-
lar bone loss induced by the ligature was expressed as a
difference between the left and the right side.
Myeloperoxidase activity
Myeloperoxidase activity, an indicator of polymorpho-
nuclear leukocyte (PMN) accumulation, was determined
in gingivomucosal tissue, as previously described [12].
Myeloperoxidase activity was defined as the quantity of
enzyme degrading 1 μmol/min of peroxide at 37 °C and
was expressed in milliunits/g of wet tissue.
Immunohistochemical localization of nitrotyrosine, iNOS,
P-selectin, ICAM and IL-1
At the end of the experiment, the tissues were fixed in
10% (w/v) PBS-buffered formaldehyde and 8 μms e c -
tions were prepared from paraffin embedded tissues.
After deparaffinization, endogenous peroxidase was
quenched with 0.3% (v/v) hydrogen peroxide in 60%
(v/v) methanol for 30 min. The sections were permea-
blized with 0.1% (w/v) Triton X-100 in PBS for 20 min.
Non-specific adsorption was minimised by incubating
the section in 2% (v/v) normal goat serum in PBS for 20
min. Endogenous biotin or avidin binding sites were
blocked by sequential incubation for 15 min with biotin
and avidin (DBA, Milan, Italy), respectively. Sections
were incubated overnight with 1) purified goat polyclo-
nal antibody directed towards P-selectin which reacts
with mice; or 2) with purified hamster anti-mouse
ICAM-1 (CD54) (1:500 in PBS, w/v) (DBA, Milan, Italy)
or 3) with anti-nitrotyrosine rabbit polyclonal antibody
(1:500 in PBS, v/v) or 4) with anti-iNOS antibody (1:500
in PBS, v/v) or 5) with anti-IL-1b polyclonal antibody
(Santa Cruz Biotechnology, 1:500 in PBS, v/v). Sections
were washed with PBS, and incubated with secondary
antibody. Specific labelling was detected with a biotin-
conjugated goat anti-rabbit IgG and avidin-biotin perox-
idase complex (DBA, Milan, Italy). In order to confirm
that the immunoreaction for the nitrotyrosine was speci-
fic some sections were also incubated with the primary
antibody (anti-nitrotyrosine) in the presence of excess
nitrotyrosine (10 mM) to verify the binding specificity.
To verify the binding specificity for ICAM-1, P-selectin,
iNOS and IL-1b, some sections were also incubated
with only the primary antibody (no secondary) or with
only the secondary antibody (no primary). In these
situations no positive staining was found in the sections
indicating that the immunoreaction was positive in all
the experiments carried out. Immunocytochemistry
photographs (n 5 photos from each samples collected
from all rats in each experimental group) were assessed
by densitometric analysis by using Optilab Graftek soft-
ware on a Macintosh personal computer.
Western blot analysis for IB-a, NF-B p65, Bax, Bcl-2,
iNOS
Cytosolic and nuclear extracts were prepared as pre-
viously described [13] with slight modifications. Briefly,
tissue samples from ligature-operated rats were sus-
pended in extraction Buffer A containing 0.2 mM phe-
nylmethylsulphonyl fluoride (PMSF), 0, 15 μM pepstatin
A, 20 μM leupeptin, 1 mM sodium orthovanadate,
homogenized at the highest setting for 2 min, and cen-
trifuged at 1,000 × g for 10 min at 4 °C. Supernatants
represented the cytosolic fraction. The pellets, were re-
suspended in Buffer B containing 1% Triton X-100, 150
mM NaCl, 10 mM TRIS-HCl pH 7.4, 1 mM ethylene
glycol-bis(beta-aminoethyl ether)-N, N, N’,N ’-tetraacetic
acid (EGTA), 1 mM ethylene diamine-tetra-acetic acid
(EDTA), 0,2 mM PMSF, 20 μM leupeptin, 0,2 mM
sodium orthovanadate. After centrifugation 30 min at
15,000 × g at 4 °C, the supernatants containing the
nuclear protein were stored at -80 °C for further analy-
sis. Protein concentration in homogenate was deter-
mined by Bio-Rad Protein Assay (BioRad, Richmond
CA) and 50 mg of cytosol and nuclear extract from
each sample was analyzed. The levels of IkB-a,i N O S ,
Bax, and Bcl-2 were quantified in cytosolic fractions
from tissue samples, while NF-B p65 levels were quan-
tified in nuclear fractions. The membranes of nitrocellu-
lose were blocked with 1× PBS, 5% (w/v) non fat dried
milk (PM) for 40 min at room temperature and subse-
quently probed with specific Abs IkB-a (Santa Cruz Bio-
technology, 1:1000), or anti-Bax (1:500; Santa Cruz
Biotechnology), or anti-Bcl-2 (1:500; Santa Cruz
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tion) or anti-NF-B p65 (1:1000; Santa Cruz Biotech-
nology) in 1× PBS, 5% w/v non fat dried milk,
0.1% Tween-20 (PMT) at 4 °C, overnight. Membranes
were incubated with peroxidase-conjugated bovine anti-
mouse IgG secondary antibody or peroxidase-conju-
gated goat anti-rabbit IgG (1:2000, Jackson Immuno
Research, West Grove, PA) for 1 h at room temperature.
To ascertain that blots were loaded with equal
amounts of protein lysates, they were also incubated in
the presence of the antibody against b-actin (1:10,000
Sigma-Aldrich Corp.). The relative expression of the
protein bands of IB-a (~37 kDa), iNOS (~130 kDa),
NF-kB p65 (65 kDa), Bax (~23 kDa), Bcl-2 (~29 kDa)
was quantified by densitometric scanning of the X-ray
films with GS-700 Imaging Densitometer (GS-700, Bio-
Rad Laboratories, Milan, Italy) and a computer program
(Molecular Analyst, IBM).
Materials
All compounds were obtained from Sigma-Aldrich
Company Ltd. (Milan, Italy). All other chemicals were of
the highest commercial grade available. All stock solu-
tions were prepared in non-pyrogenic saline (0.9% NaCl;
Baxter, Italy, UK).
Statistical evaluation
All values in the figures and text are expressed as mean
+/- standard error (s.e.m.) of the mean of n observa-
tions. For the in vivo studies n represents the number of
animals studied. In the experiments involving histology
or immunohistochemistry, the figures shown are repre-
sentative of at least three experiments (histological or
immunohistochemistry coloration) performed on differ-
ent experimental days on the tissue sections collected
from all the animals in each group. The results were
analyzed by one-way ANOVA followed by a Bonferroni
post-hoc test for multiple comparisons. A p-value less
than 0.05 were considered significant. And individual
group means were then compared with Student’s
unpaired t test. A P-value of less than 0.05 was consid-
ered significant.
Results
Effect of Hypericum on tissue damage and radiographic
evaluation of ligature
When compared with gingivomucosal tissue sections
taken from the contralateral side from vehicle (Figure
1a) and Hypericum (Figure 1c.)-treated rats, histological
examination of gingivomucosal tissues sections of liga-
ture-operated rats showed edema, tissue injury as well
as infiltration of the tissue with inflammatory cells (Fig-
ure 1b). Hypericum treatment reduced the degree of
gingivomucosal tissues injury (Figure 1c.). Quantification
of infiltrating polymorphonuclear cell into gingivomuco-
sal tissue showed that there were only a minimal number
of polymorphonuclear cells in tissue from the contra lat-
eral side (Figure 1d.). However, a large number of infil-
trating polymorphonuclear cell were observed in the
gingivomucosal tissue of ligated rats (Figure 1d.). Hyperi-
cum administration significantly reduced the numbers of
polymorphonuclear cell infiltrating into gingivomucosal
Figure 1 Inflammatory cells infiltration and edema were
observed in gingivomucosal section from ligature-treated rats
(b) when compared with gingivomucosal tissue section taken
from controlateral side (a). Significantly less edema and
inflammatory cell infiltration was observed in gingivomucosal
sections from ligature-treated rats which had been treated with
Hypericum (c). The total number of infiltrating leukocytes (e.g.,
neutrophil and mononuclear cells) in gingivomucosal tissue was
assessed quantitatively by counting the number of
polymorphonuclear cell in 20 high-power fields (d). Moreover
Masson’s trichrome stain was negative in gingivomucosal tissue
sections taken from the contralateral side from vehicle when
compared with gingivomucosal tissues sections of ligature-operated
rats (e, f.). Hypericum treatment reduced the increase of collagen
(Fig g) Figures are representative of at least 3 experiments
performed on different experimental days. The tissue sections,
orientated longitudinally from the teeth crown, were stained with
trichrome stain. Data represent the mean ± S.E.M. for 20 counts
obtained from the gingivomucosal tissue of each treatment group.
* < P0.01 vs. non-ligated; °P < 0.01 vs. ligated.
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which is used to monitor the increase of collagen fiber,
was negative in gingivomucosal tissue sections taken
from the contralateral side from vehicle when compared
with gingivomucosal tissues sections of ligature-operated
rats (Figure 1e, f). Hypericum treatment reduced the
increase of collagen (Figure 1g). Data represent the mean
± S.E.M. for 20 counts obtained from the gingivomucosal
tissue of each treatment group * < P0.01 vs. non-ligated. °
P < 0.01 vs. ligated.
Effect of Hypericum on alveolar bone loss
A radiographic examination of the mandibles, at day 8
after ligature placement, revealed bone matrix resorption
in the lower left first molar region after ligation (Figure
2a.). There was no evidence of pathology in theright
first molar (data not shown). Hypericum markedly
reduced the degree of bone resorption in the lower left
first molar region after ligation (Figure 2b). A significant
alveolar bone loss between the lower first left molar and
the right first molars induced by the left side ligature
was observed in vehicle-treated rats. Hypericum treat-
ment resulted in a significant inhibition of alveolar bone
loss after ligation (Figure 2c). In addition, a significant
alveolar bone loss, between the lower first left and the
right first molars induced by the left side ligature, was
observed in vehicle treated rats (Figure 2c.). Hypericum
treatment resulted in a significant inhibition of alveolar
bone loss after ligation (Figure 2c). Data represent the
mean ± S.E.M. for 20 counts obtained from the gingivo-
mucosal tissue of each treatment group * < P0.01 vs.
non-ligated. °P < 0.01 vs. ligated.
Effect of Hypericum on IB-a degradation and NF-B p65
activation
We evaluated IB-a degradation and nuclear NF-B
p65 by Western Blot analysis to investigate the cellular
mechanisms by which treatment with Hypericum may
attenuate the development of periodontitis.
A basal level of IB-a was detected in the gingivomu-
cosal tissue sections taken from the contralateral side
from vehicle (Figure 3a, a1), whereas 8 days following
ligation IB-a levels were substantially reduced (Figure
3a, a1) in the gingivomucosal tissues from ligature oper-
ated rats. Hypericum treatment prevented IB-a degra-
dation, the IB-a levels observed in these animals were
similar to those of of gingivomucosal tissues from the
contralateral side (Figure 3a, a1).
In addition, periodontitis caused a significant increase
in the NF-kB p65 levels in the nuclear fractions from of
gingivomucosal tissues from operated rats (Figure 3b,
Figure 2 The alveolar bone from ligated (8 days) rats
demonstrated alveolar bone resorption (a). Hypericum treatment
suppressed alveolar pathology in the rat alveolar bone (b). A
significant increase in the distance between cemento-enamel
injunction and alveolar crest at mediolingulal root of the first molar
was observed in ligature-treated rats (c). Hypericum treatment
significantly reduced the increase in the distance between
cemento-enamel injunction and alveolar crest (c). Radiographic
figure is representative of at least 3 experiments performed on
different experimental days. Data represent the data from 20 counts
obtained from the gingivomucosal tissue of each treatment group.
*P < 0.01 vs. non-ligated; °P < 0.01 vs. ligated.
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contralateral side (Figure 3b, b1). Hypericum treatment
significantly prevented the periodontitis-mediated NF-kB
p65 expression (Figure 3b, b1). Data represent the mean
± S.E.M. for 20 counts obtained from the gingivomuco-
sal tissue of each treatment group * < P0.01 vs. non-
ligated. °P < 0.01 vs. ligated.
Effects of Hypericum on plasma extravasation and
neutrophils infiltration in periodontitis
Before the measurement of Evans blue extravasation, mean
arterial pressure of vehicle-treated and Hypericum-treated
animals was recorded. In agreement with previous stu-
dies [14], Hypericum treatment did not affect mean
arterial blood pressure (vehicle-treated: 128+6 mm Hg;
N = 10 and Hypericum treated: 125+7 mm Hg; N =
10). Ligation significantly increased Evans blue extrava-
sation in gingivomucosal tissue compared to the con-
tralateral side (Figure 4b). Hypericum treatment
prevented this increase in Evans blue extravasation,
but did not change the Evans blue content of the con-
tralateral side (Figure 4b.). Myeloperoxidase activity
was significantly elevated at eight days after the liga-
ture (Figure 4a.) and Hypericum-treatment significantly
reduced these levels (Fig). No significant changes of
myeloperoxidase activity were observed in the gingivo-
mucosal tissues from the contra lateral side (Figure
4a). Data represent the mean ± S.E.M. for 20 counts
obtained from the gingivomucosal tissue of each treat-
ment group * < P0.01 vs. non-ligated. °P < 0.01 vs.
ligated.
Hypericum modulates cytokines expression
To test whether Hypericum modulates the inflammatory
process through the regulation of secretion of pro-
inflammatory cytokines, we analyzed by immunohisto-
chemical analysis levels of IL-1b. Immunohistochemical
analysis of gingivomucosal tissues from the contralateral
side did not reveal any immunoreactivity for IL-1b (data
not shown). In contrast, 8 days following ligation, posi-
tive staining for IL-1b were found in the gingivomucosal
tissues from ligature operated rats (Figure 5a). Hyperi-
cum treatment significantly reduced the degree of posi-
tive staining for these pro-inflammatory cytokines IL-1b
( F i g u r e5 b ) .D a t ar e p r e s e n tt h em e a n±S . E . M .f o r2 0
Figure 3 We evaluated IB-a degradation and nuclear NF-B
p65 by Western Blot analysis. A basal level of IB-a was detected
in the gingivomucosal tissue sections taken from the contralateral
side (a, a1). IB-a levels were substantially reduced (a, a1.) in the
gingivomucosal tissues from ligature operated rats. Hypericum
treatment prevented IB-a degradation, (3a, a1). Periodontitis
caused a significant increase in the NF-kB p65 levels in the
gingivomucosal tissues from operated rats (b, b1). Hypericum
treatment significantly prevented the periodontitis-mediated NF-kB
p65 expression (b, b1).
Figure 4 Evans blue content (b) and Myeloperoxidase activity (a) in gingivomucosal tissue was significantly increased by ligature
compared to the contralateral side. Hypericum significantly reduced myeloperoxidase activity levels and Evans blue content (a, b respectively).
Densitometry data are expressed as % of total tissue area. Data are means of mean ± s.e.m. from N = 10 rats for each group. *P < 0.01 vs. non-
ligated. ° < b0.01 vs. ligated.
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treatment group * < P0.01 vs. non-ligated. °P < 0.01 vs.
ligated
Effects of Hypericum on the expression of adhesion
molecules (ICAM-1, P-selectin)
Immunohistochemical analysis of gingivomucosal tissues
from the contralateral side did not reveal any
immunoreactivity for ICAM-1 and P-selectin (data not
shown). In contrast, 8 days following ligation, positive
staining for ICAM-1 and P-selectin, were found in the
gingivomucosal tissues from ligature operated rats (Fig-
ure 5c and 5e respectively), mainly localized in the
inflammatory cells in derma and around the vessels
respectively. In contrast, a positive staining for ICAM-1
and P-selectin was significantly attenuated by the treat-
ment with Hypericum (Figure 5d and 5f respectively).
Data represent the mean ± S.E.M. for 20 counts
obtained from the gingivomucosal tissue of each treat-
ment group * < P0.01 vs. non-ligated. °P < 0.01 vs.
ligated.
Effects of Hypericum on iNOS expression and
Nitrotyrosine formation in Periodontitis
Sections of gingivomucosal tissue from the contralateral
side did not reveal any immunoreactivity for iNOS and
nitrotyrosine, within the normal architecture (data not
shown). At 8 days following ligation, positive staining
for iNOS (Figure 6b) and nitrotyrosine (Figure 6d), was
found in the gingivomucosal tissues from ligature-oper-
ated rats. Hypericum treatment abolished the staining
for iNOS and nitrotyrosine (Figure 6c and 6e
respectively).
Moreover levels of iNOS in gingivomucosal tissues
were also evaluated by Western Blot analysis. iNOS
levels were substantially increased in the gingivomucosal
tissues of saline-treated rats (Figure 6a, a1). In contrast
Hypericum treatment prevented the periodontitis-
mediated iNOS expression (Figure 6a, a1). Data repre-
sent the mean ± S.E.M. for 20 counts obtained from the
gingivomucosal tissue of each treatment group * < P0.01
vs. non-ligated. °P < 0.01 vs. ligated.
Western blot analysis and immunohistochemistry for Bax
and Bcl-2
The appearance of Bax and Bcl-2 in homogenates of
gingivomucosal tissues was investigated by Western blot
analysis after ligature. A basal level of Bax was detectable
in the homogenized gingivomucosal tissues from sham
operated animals (Figure 7a, a1). Bax levels were substan-
tially increased in the gingivomucosal tissues of saline-
treated rats (Figure 7a, a1). In contrast Hypericum
treatment prevented the periodontitis-mediated Bax
expression (Figure 7a, a1). A low basal level of Bcl-2
expression was detected in gingivomucosal homogenates
from tissue of sham-operated rats (Figure 7b, b1). The
expression of Bcl-2 was significantly diminished in whole
extracts obtained from gingivomucosal tissues of vehicle-
treated rats after ligature (Figure 7b, b1). Treatment of
rats with Hypericum significantly reduced the ligature-
induced inhibition of Bcl-2 expression (Figure 7b, b1).
Data represent the mean ± S.E.M. for 20 counts obtained
Figure 5 Positive staining for IL-1b (a, see densitometry
analysis g) was observed in gingivomucosal tissue after
ligature mainly localized in the epidermis and in inflammatory
cells in derma In gingivomucosal tissue of Hypericum-treated
rats no positive staining was observed for IL-1b (b, see
densitometry analysis g). Moreover 8 days following ligation,
positive staining for ICAM-1 and P-selectin, were found in the
gingivomucosal tissues from ligature operated rats (c and e
respectively, see densitometry analysis g). In contrast, a positive
staining for ICAM-1 and P-selectin was significantly attenuated by
the treatment with Hypericum (d and f respectively, see
densitometry analysis g). Figure is representative of at least 3
experiments performed on different experimental days.
Densitometry data are expressed as % of total tissue area. Data are
means of mean ± s.e.m. from N = 10 rats for each group. *P < 0.01
vs. non-ligated. ° < b0.01 vs. ligated.
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< P0.01 vs. non-ligated. °P < 0.01 vs. ligated.
Discussion
The inability to examine initiation and progression of
periodontal disease and to assess certain therapies in
humans has led to a great interest in the use of animal
models in periodontal research.
Rats and mice have been used for the study of period-
ontal disease [6,15]. Clinically healthy gingiva can be
established and maintained in experimental animals, and
gingivitis as well as periodontitis occurs in these ani-
mals. It is possible to induce experimental periodontitis
by placement of peridental silk ligatures or orthodontic
elastics as well as by surgical removal of alveolar bone.
Although the most appropriate model for studies of per-
iodontal disease pathogenesis in experimental primates
appears to involve the application of silk ligatures, some
difficulties may occur in establishing periodontal tissue
breakdown by using this model.
Periodontitis, a chronic inflammatory disease of peri-
odontal, supports the protection against local microbial
attack, this inflammatory reaction may also damage the
surrounding cells and connective tissue structures
including alveolar bone causing tooth loss [1].In the pre-
sent study a well established rat model of acute period-
ontitis was utilized, which involves placing a ligature
around the cervix of the mandibular first molar tooth,
and a similar model has previously been used in several
species.
In this study we focused our attention on a potential
anti-inflammatory activity of Hypericum perforatum for
treatment of periodontal disease. It has been known that
Hypericum perforatum is an herbaceous plant that has
been used as a medicinal plant for centuries to fight
against infections and for the treatment of respiratory
Figure 7 Western blot analysisw a sp e r f o r m e do n
gingivomucosal tissue collected 8 days after injury. Basal level
of Bax was present in the tissue from-sham operated rats (a, a1). Bax
band is more evident in the tissue from ligature treated rats (a, a1).
The Bax band disappeared in the tissue from ligated rats that
received Hypericum (a, a1). Moreover a basal level of Bcl-2 was
present in the tissue from sham-operated rats (b, b1). The Bcl-2
band disappeared in the tissue from rats subjected to ligation (b,
b1). The Bcl-2 band is more evident in the tissue from ligated rats
that received Hypericum (b, b1). The immunoblot in (a and b)
represents one tissue of the 5-6 analyzed. The results in (a1 and b1)
are expressed as mean 7 s.e.m. from 5-6 tissues. *P < 0.01 vs non-
ligated; °P < 0.01 vs ligated.
Figure 6 A significant increase in iNOS expression, assayed by
Western blot analysis, was detected in the tissue from
ligature-treated rats (a, a1). The treatment with Hypericum
significantly reduced iNOS expression in the gingivomucosal tissues
(a, a1). Moreover positive staining for iNOS (b see densitometry
analysis f), and nitrotyrosine (d see densitometry analysis f) was
observed in gingivomucosal tissue after ligature. In gingivomucosal
tissue of Hypericum treated rats no positive staining was observed
for iNOS (c see densitometry analysis f), nitrotyrosine (e, see
densitometry analysis f). Figure is representative of at least 3
experiments performed on different experimental days.
Densitometry data are expressed as % of total tissue area. Data are
means of mean ± s.e.m. from N = 10 rats for each group. *P < 0.01
vs. non-ligated. ° < b0.01 vs. ligated.
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use of St. John’s wort against infections is supported by
the early reported antibacterial properties of its extracts.
In the early seventies, a Russian scientific group postu-
lated that there should be an antibiotic contained in St.
John’s wort extracts. They named this postulated anti-
biotic as hyperforin. It has been confirmed that hyper-
forin exhibits effective antibacterial activity against
multiresistant Staphylococcus aureus and other Gram-
positive bacteria.
But what is then the mechanism by which Hypericum
perforatum exert it’s anti-inflammatory action inhibiting
periodontitis?
T h e r ei sal a r g eb o d yo fe v i d e n c es h o w i n gt h a tt h e
production of reactive oxygen and nitrogen species plays
key roles in a development of chronic inflammatory dis-
ease of periodontal [6].
Recent evidence suggests that the activation of NF-
B may also be under the control of oxidant/antioxi-
dant balance [16]. Moreover, various experimental evi-
dence have clearly suggested that NF-Bp l a y sa
central role in the regulation of many genes responsi-
ble for the generation of mediators or proteins in
inflammation [17]. NF-B is normally sequestered in
the cytoplasm, bound to regulatory proteins IBs. In
response to a wide range of stimuli including oxidative
stress, infection, hypoxia, extracellular signals, and
inflammation, IB is phosphorylated by the enzyme
IB kinase [18]. The net result is the release of the
NF-B dimer, which is then free to translocate into
the nucleus. The exact mechanisms by which Hyperi-
cum suppress NF-B activation in inflammation are
not known. We report here that periodontitis caused a
significant increase in the nuclear translocation of the
subunit p65 in the gingivomucosal tissues from liga-
ture operated rats. Whereas Hypericum treatment sig-
nificantly reduced the NF-B translocation. Moreover,
we also demonstrate that the Hypericum treatment
also inhibited the IB-a degradation. NF-B plays a
central role in the regulation of many genes responsi-
ble for the generation of mediators or proteins in
inflammation. These include the genes for TNF-a,I L -
1b and iNOS to name but a few [19]. There is good
evidence that IL-1b help to propagate the extension of
a local or systemic inflammatory process [20]. We
have clearly confirmed a significant increase in the IL-
1b production in the pleural 8 days following ligation.
On the contrary, a significant reduction of IL-1b pro-
duction was observed in gingivomucosal tissues from
ligature operated rats which received Hypericum.
Our study also confirmed earlier findings, that one of
the characteristic signs of inflammation, Evans blue
extravasation, was higher on the ligated side on the
eighth day, than on the opposite side [10]. In addition,
we also report in the present study that ligature-induced
peridontitis in the rat results in a significant infiltration
of inflammatory cells in the gingivomucosal tissues and
we also demonstrated that treatment with Hypericum
reduces this inflammatory cells infiltration as assessed
by myeloperoxidase and with the moderation of the tis-
sue damage as evaluated by histological examination.
Neutrophils are recruited into the tissue and can then
contribute to tissue destruction by the production of
reactive oxygen metabolites that further amplify the
inflammatory response by their effects on macrophages
and lymphocytes [21]. A possible mechanism by which
Hypericum attenuates polymorphonuclear cells infiltra-
tion is by down-regulating adhesion molecules ICAM-1
and P-selectin as previous described [22]. These findings
are in accordance with those of Berglund and Lindhe
[ 2 3 ]w h oa l s of o u n das i g n i f i cant increase in inflamma-
tory cell infiltration in inflamed gingiva as compared to
a healthy one. Furthermore, we found that enhanced
formation of NO by iNOS may contribute to the inflam-
matory process. Several studies also support the conclu-
sion that NO from iNOS plays an important role in the
pathogenesis of periodontitis [6]. The present study
demonstrates that Hypericum attenuates the expression
of iNOS in periodontal tissue. Thus, the reduction of
the expression of iNOS by Hypericum may contribute
to the attenuation by this agent of the formation of
nitrotyrosine in the periodontal tissues from ligature-
treated rats. Increased nitrotyrosine staining is an indi-
cation of “increased nitrosative stress”.
Apoptosis, or programmed cell death, is a form of
physiological cell death [24]. It is increased or
decreased in the presence of infection, inflammation or
tissue remodeling. Previous studies have suggested that
apoptosis is involved in the pathogenesis of inflamma-
tory periodontal disease [25]. As apoptosis is an
exceedingly complex process involving a large variety
of signaling molecules, we have focused our attention
on a few selective major players. From the results, we
identified proapoptotic transcriptional changes, includ-
ing up regulation of proapoptotic Bax and down regu-
lation of antiapoptotic Bcl-2, using a Western blot
assay. This is the first study to show that treatment
with Hypericum in periodontitis inhibits and prevents
the loss of the antiapoptotic pathway and, also, reduces
activation of the proapoptotic pathway by an, as yet,
unidentified mechanism.
Conclusion
In conclusion, this study suggests a potential therapeutic
application of Hypericum perforatum extracts for treat-
ment of active inflammatory periodontal disease, this
study also demonstrated that Hypericum exerts a signifi-
cant inhibitory effect on plasma extravasation and
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Page 9 of 10reduced the degree of bone resorption during
periodontitis.
List of abbreviations used
IL-1b: interleukin 1b; iNOS: inducible nitric oxide syntethase; MPO:
myeloperoxidase; i.p.: intraperitoneally; PBS: Phosphate buffered saline; PMN:
polymorphonuclear leukocyte; PMSF: phenyl-methyl sulfonyl fluoride; ROS:
reactive oxygen species.
Competing interests
The authors disclose any financial competing interests and also any non-
financial competing interests that may cause them embarrassment were
they to become public after the publication of the manuscript.
Authors’ contributions
All authors read and approved the final manuscript.
IP has performed experiment and prepared the manuscript; EB has
performed experiment; EM has performed the histological and
immunohistochemistry analysis; MG has performed the western blot analysis
and analyzed the results; GO and GC have planned the study and analyzed
the results and SC has planned the study, analyzed the results and prepared
the manuscript.
Acknowledgements
The authors would like to thank Carmelo La Spada and Giovanni Leotta for
his excellent technical assistance during this study, Mrs Caterina Cutrona for
secretarial assistance and Miss Valentina Malvagni for editorial assistance
with the manuscript.
Author details
1Department of Clinical and Experimental Medicine and Pharmacology,
School of Medicine, University of Messina, Italy.
2Istituto Policattedra di
Odontostomatologia, University of Messina, Italy.
3IRCCS Centro Neurolesi
“Bonino-Pulejo”, Messina, Italy.
Received: 6 October 2010 Accepted: 23 November 2010
Published: 23 November 2010
References
1. Lindhe J, Nyman S: Clinical trials in periodontal therapy. J Periodontal Res
1987, 22:217-221.
2. Haffajee AD, Socransky SS: Relationship of cigarette smoking to the
subgingival microbiota. J Clin Periodontol 2001, 28:377-388.
3. Haffajee AD, Socransky SS: Relationship of cigarette smoking to
attachment level profiles. J Clin Periodontol 2001, 28:283-295.
4. Page RC, Schroeder HE: Pathogenesis of inflammatory periodontal
disease. A summary of current work. Lab Invest 1976, 34:235-249.
5. Ridgeway EE: Periodontal disease: diagnosis and management. JA m
Acad Nurse Pract 2000, 12:79-84.
6. Di Paola R, Marzocco S, Mazzon E, Dattola F, Rotondo F, Britti D, De
Majo M, Genovese T, Cuzzocrea S: Effect of aminoguanidine in ligature-
induced periodontitis in rats. J Dent Res 2004, 83:343-348.
7. Battino M, Bullon P, Wilson M, Newman H: Oxidative injury and
inflammatory periodontal diseases: the challenge of anti-oxidants to free
radicals and reactive oxygen species. Crit Rev Oral Biol Med 1999,
10:458-476.
8. Springer TA: Traffic signals for lymphocyte recirculation and leukocyte
emigration: the multistep paradigm. Cell 1994, 76:301-314.
9. Di Paola R, Mazzon E, Muia C, Crisafulli C, Di Bella P, Esposito E,
Menegazzi M, Meli R, Suzuki H, Cuzzocrea S: Protective effect of
Hypericum perforatum in zymosan-induced multiple organ dysfunction
syndrome: relationship to its inhibitory effect on nitric oxide production
and its peroxynitrite scavenging activity. Nitric Oxide 2007, 16:118-130.
10. Gyorfi A, Fazekas A, Suba Z, Ender F, Rosivall L: Neurogenic component in
ligature-induced periodontitis in the rat. J Clin Periodontol 1994,
21:601-605.
11. Crawford JM, Taubman MA, Smith DJ: The natural history of periodontal
bone loss in germfree and gnotobiotic rats infected with
periodontopathic microorganisms. J Periodontal Res 1978, 13:316-325.
12. Mullane KM, Kraemer R, Smith B: Myeloperoxidase activity as a
quantitative assessment of neutrophil infiltration into ischemic
myocardium. J Pharmacol Methods 1985, 14:157-167.
13. Bethea JR, Castro M, Keane RW, Lee TT, Dietrich WD, Yezierski RP: Traumatic
spinal cord injury induces nuclear factor-kappaB activation. J Neurosci
1998, 18:3251-3260.
14. Chatterjee PK, di Villa Bianca RD, Sivarajah A, McDonald MC, Cuzzocrea S,
Thiemermann C: Pyrrolidine dithiocarbamate reduces renal dysfunction
and injury caused by ischemia/reperfusion of the rat kidney. Eur J
Pharmacol 2003, 482:271-280.
15. Lohinai Z, Mabley JG, Feher E, Marton A, Komjati K, Szabo C: Role of the
activation of the nuclear enzyme poly(ADP-ribose) polymerase in the
pathogenesis of periodontitis. J Dent Res 2003, 82:987-992.
16. Haddad JJ: Antioxidant and prooxidant mechanisms in the regulation of
redox(y)-sensitive transcription factors. Cell Signal 2002, 14:879-897.
17. Peters RT, Liao SM, Maniatis T: IKKepsilon is part of a novel PMA-inducible
IkappaB kinase complex. Mol Cell 2000, 5:513-522.
18. Bowie A, O’Neill LA: Oxidative stress and nuclear factor-kappaB
activation: a reassessment of the evidence in the light of recent
discoveries. Biochem Pharmacol 2000, 59:13-23.
19. Verma IM: Nuclear factor (NF)-kappaB proteins: therapeutic targets. Ann
Rheum Dis 2004, 63(Suppl 2):ii57-ii61.
20. Di Paola R, Crisafulli C, Mazzon E, Genovese T, Paterniti I, Bramanti P,
Cuzzocrea S: Effect of PD98059, a selective MAPK3/MAPK1 inhibitor, on
acute lung injury in mice. Int J Immunopathol Pharmacol 2009, 22:937-950.
21. Salvemini D, Mazzon E, Dugo L, Serraino I, De Sarro A, Caputi AP,
Cuzzocrea S: Amelioration of joint disease in a rat model of collagen-
induced arthritis by M40403, a superoxide dismutase mimetic. Arthritis
Rheum 2001, 44:2909-2921.
22. Cuzzocrea S, Chatterjee PK, Mazzon E, Dugo L, Serraino I, Britti D,
Mazzullo G, Caputi AP, Thiemermann C: Pyrrolidine dithiocarbamate
attenuates the development of acute and chronic inflammation. Br J
Pharmacol 2002, 135:496-510.
23. Berglundh T, Lindhe J: Gingivitis in young and old dogs. J Clin Periodontol
1993, 20:179-185.
24. Chen M, Wang J: Programmed cell death of dendritic cells in immune
regulation. Immunol Rev 2010, 236:11-27.
25. Bascones A, Gamonal J, Gomez M, Silva A, Gonzalez MA: New knowledge
of the pathogenesis of periodontal disease. Quintessence Int 2004,
35:706-716.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6882/10/73/prepub
doi:10.1186/1472-6882-10-73
Cite this article as: Paterniti et al.: Effects of Hypericum Perforatum, in a
rodent model of periodontitis. BMC Complementary and Alternative
Medicine 2010 10:73.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Paterniti et al. BMC Complementary and Alternative Medicine 2010, 10:73
http://www.biomedcentral.com/1472-6882/10/73
Page 10 of 10